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FOREWORD

This report presents the postflight trajectory of the Saturn AS-205/
CSM-101 vehicle from guidance reference release to S-IVB/CSM-101 separation.
Included in the report is an analysis of the powered flight trajectory,
orbital flight trajectory, orbital effects of the S-IVB propellant dump
5-1IB stage.

The trajectory determination and documentation were performed by the
Aerospace Physics Branch of Chrysler Corporation Space Division in compliance
with the work scope of contract NAS8-4016, Schedule II, Supplemented Agree-
ment MSFC-1, Amendment 105, Paragraph 11.2, BB Item 3.1.5-4-202, Part IV.

Acknowledgements are made to the personnel of Marshall Space Flight
Center, R-AERO-FFT, for their assistance and cooperation, and to the Dynamics

Programming Unit of CCSD Computer Services for their invaluable assistance.
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SUMMARY

The manned Apollo Saturn Vehicle, A3-205/CSM-101, was launched from
Cape Kennedy, Florida, at 10:02:45 A.M, EST, October 11, 1968. The primary
mission was to flight test the manned Apollo Spacecraft. The actual flight
trajectory was very close to the predicted nominal. This report presents
the AS-205/C3M-101 postflight trajectery from guidance reference release
to 5-IVB/CSM-101 separation, and includes a discussion of the orbital
effects due to the S-IVB safing experiment. The trajectory is presented
in the earth-fixed plumbline, space-fixed ephemeris, and geographic coor-
dinate systems. Time histories of trajectory parameters are given, in tabular
form, at; 1.0 sec intervalé from guidance reference release to S-IB/S-IVB
separation, 5.0 sec intervals from S-IB/S-IVB separation to orbital insertion,
and 50.0 sec intervals from insertion to S-IVB/CSM-101 separation. Also in-
cluded is a tabulation at 10.0 sec intervals of the expended S-IB stage
ballistic free flight trajectory to impact.

'The trajectory was established from radar tracking data, telemetered
guidance data from the ST-124 M guidance platform, and measured meteorolo-
gical data. At S-IVB/CSM-101 separation (10502.4 sec), the vehicle space-
fixed velocity was lower than predicted nominal by 7.6 m/s (24.9 ft/s). The
altitude, at this point, was 6.6 km (3.6 nm) higher than nominal and the

flight path angle was 0.02 deg lower than nominal.



1.0 INTRODUCTION

The manned Saturn IB vehicle, AS-205/CSM-101, was launched from KSC
at 10:02:45 A.M. EST on October 11, 1968. The launch azimuth from pad 34
was 100 deg east of north. After approximately 10 sec of vertical rise,
the vehicle began a roll maneuver to the flight azimuth of 72 deg east of
north. Also at 10 sec, the down range pitch maneuver was started. The
S-IVB stage and the Apollo 7 spacecraft with three Astronauts aboard were .
placed into an elliptical earth orbit for flight test of the manned Apollo
configuration. A safing experiment (propellant dump) was conducted with the ’
S-IVB stage during the first revolution and prior to S-IVB/CSM-101 separa-
tion. The S-IVB stage was separated from the manned spacecraft well into

the second revolution as the vehicle approached Hawaii.

This report presents the postflight mass-point reference trajectory,
and associated information, from guidance reference release (-4.972 sec)
to S-IVB/CSM-101 separation (10502.4 sec). All times are referenced to
the established Range Zero of 10:02:L5 A.M. EST, unless otherwise specified.
Comparison of this trajectory with the nominal is given for some specific
parameters as indications of vehicle performance. Reference 1 provides
documentation of the predicted nominal trajectory. Also presented in this
report are details of available tracking data, the data utilization, an
error analysis, the orbital determination, the orbital effects of the S-IVB
safing experiment, and the expended S-IB stage ballistic free flight to
impact. Accompaning the discussion are figures and tables of the trajectory

data in both the metric and English units of measure.
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2.0 COORDINATE SYSTEMS AND LAUNCH PARAMETERS

The translational motion of the vehicle's center of gravity is tab-
ulated in three coordinate systems: earth-fixed plumbline, space-fixed
ephemeris, and geographic. These coordinate systems conform to the "Project
Apollo Coordinate System Standards'" and are defined in Appendix A and gra-
phically illustrated in Figure 1. The earth-fixed plumbline coordinate
system has its origin located at the launch site on the reference earth
model. In the earth-fixed system, the vehicle's center of gravity has an
initial displacement of 34.7 m (113.8 ft) above the reference ellipsoid.
is the Fischer Ellipsoid of 1960, All latitude and longitude coordinates
are defined with respect to this ellipsoid,

The geographic coordinates and gravity data for launch pad 34 at

Cape Kennedy are:

Geodetic lLatitude 28.521963 deg

Longitude 80.561141 deg

Acceleration of 9.818 m/sec? (32.21 ft/sec?)
Gravity

Elevation above the reference ellipsoid are:
Base of Launch Pedestal 5.7 m (18.7 ft)
C. G. at First Motion 34.7 m (113.8 ft)

Azimuth alignments are:

Launch Azimuth 100 deg E of N
Flight Azimuth 72 deg E of N
ST-124M Platform 72 deg E of N
Azimuth



3.0 POWNERED FLIGHT TRAJECTORY ANALYSIS

3.1 Data_Sources

Tracking data from seven radar tracking stations and telemetered
guidance data were available from first motion through insertion (S-IVB
CO + 10 sec). The coverage q? géch tracking s@gﬁion is itemized in Table
I and shown in Figure 2. The vehicle ground track relative to each tracking
station is shown in Figure 3. The radar antenna location and the vehicle's
center of gravity versus time are shown in Figure 4. The measured parameter
data from each of the seven radar tracking sites are compared with the refer-
ence postflight trajectory in Figures 5 through 7.

3.1.1 PAFB Tracking Station (0.18)

Patrick Air Force Base radar produced data from 20 to 593 sec. The
quality of these data were much higher than that received on the previous
flight. The range data were much smoother and its maximum deviations were
less than 10 m (33 ft) through the entire track. The angle data were also
good with the magnitude of the maximum deviations being less than 0.03 deg.

3.1.2 Cape Tracking Station (1.16)

Cape Kennedy radar produced data from O to 603 sec with a 59 sec gap
from 500 to 559 sec. These data matched the reference trajectory very closely
with the exception of the initial 100 sec and final 44 sec of track where the
largest angle and range deviations occurred. After the first 100 sec and
prior to the gap, the deviations settled to an 8 m (26 ft) bias in range and
the angle deviations were less than 0.01 deg. After the gap these data were

rough and exhibited large deviations from the reference trajectory.



3.1.3 Merritt Island Tracking Station (19.18)

Merritt Island radar produced its usual good quality data with coverage
from 11 to 606 sec. With the exception of large deviations early in the
flight, the angle data agreed very well with the reference trajectory. The
range was in close agreement with the reference trajectory, containing de-
viations of less than 10 m (33 ft) until the last 100 sec of track where
the deviations tailed off to a maximum of approximately 20 m (66 ft).

3.1.4 Grand Bahama Tracking Station (3.18)

Grand Bahama radar produced a good set of tracking data from 96 to
58, sec. These data were very similar to that produced on the last flight.
The azimuth and elevation were in close agreement with the reference tra-
jectory, containing a bias of slightly less than 0.02 deg in elevation. The
range data reveals excellent agreement with the reference trajectory, con-

taining deviations of less than 15 m (49 ft) through the entire track.

3.1.5 Grand Turk Tracking Station (7.18)

Crand Turk radar produced data from 211 to 685 sec. The azimuth data
received from Grand Turk werein excellent agreement with the reference tra-
jectory, containing deviations of less than 0.0l deg throughout track. The
elevation data were completely unusable and deviations were too large to be
included in the measured parameter comparisons. The range data, although
having large deviations from the reference trajectory at the beginning and
ending of track, had deviations of less than 10 m (33 ft) for the major

portion of track.



3.1.6 Bermuda Tracking Station (67.18)

Bermuda (FPQ-6) radar produced data from O to 689 sec although the
data were not usable until 250 seé. The measured parameter deviations
of this set of data exhibited the same characteristic deviations as on
the previous flight. The azimuth data were in good agreement with the
reference trajectory with maximum deviations being less than 0.03 deg.
Deviations in elevation data were less than 0.03 deg with the exception
of the first 50 sec of usable data. The range data were smooth and re-
vealed maximum deviations of 45 m (148 ft).

3.1.7 Bermuda Tracking Station (67.16)

Bermuda (FPS-16) radar produced data from O to 689 sec. The angles
and range measurements all exhibited very large deviations with respect to
the reference trajectory. The azimuth data were the better of the three
measurements. The range deviations were too large to be presented on the
measured parameter comparisons with deviations up to 420 m (1378 ft). Al-
though the parameter deviations were large they did appear to contain the
characteristics of a station location error, as observed on the previous
IB flight.

3.2 Trajectory Composition (Powered Flight)

Tracking data from C-band radars, covering the major portion of powered
flight, were available for establishing the postflight trajectory. Teleme-
tered guidance information and measured meteorological data were also received
and utilized in the postflight trajectory determination.

The observed mass-point trajectory; often referred to as the ﬁostflight
trajectory, the reference postflight trajectory, or the best estimate tra-

Jectory, was established by a composite fit of the radar tracking data.
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The composite fit or best estimate trajectory is established through
the utilization of a computer program called GATE. This program uses
telemeterea guidance velocity data as the generating parameter to compute
a trajectory which will best fit the tracking data, yet retain the smooth-
ness of the guidance data, The guidance data can vary only in accordance
with an eighteen term error model and the variances assigned to each error
coefficient. The error coefficients are determined using the Kalman linear
filtering technique and applied to the telemetered guidance data to produce
the final smooth and continuous trajectory. The GATE program also incor-
porates a ten term tracker error model through which the residuals between
the tracking system and the reference postflight trajectory may be resolved.
However, only the guidance error model was used to fit the data for this
flight. See Reference 2 for further details of the GATE program.

3.3 Powered Flight Trajectory

A comparison of actual and nominal times at some significant flight
events is presented in Table II. Altitude and surface range are graphi-
cally illustrated in Figures 8 and 9, respectively, for the entire powered
flight. Figurel( is an illustration of the total inertial acceleration
profiles for the S-IB and S-IVB stages. The magnitude of the total earth-
fixed velocity vector and the associated elevation angle, positive above
the local horizontal, are shown in Figure 1l. The magnitude of the space-
fixed velocity vector and the angle between this vector and the local hori-
zontal plane are shown in Figurel2. The Mach number and dynamic pressure

parameters are shown during the S-IB powered flight in Figure 3.

ORIGINAL PAGE IS
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The meteo;olbgiéélly!associ;£ed trajectory péfaﬁetefsuﬁere calculated
using ﬁeasﬁfedlﬁeteo;oisg5251:data for tﬁérday of launch{ The meésured
data were furnished to an altitude of 90 km (49 nm). Above this altitude
the U, S. Standard Reference Atmosphere was used. -

Various trajeétory parameters, such as altitude, surface range, and
velocity, are given at some significaﬁt flight event times in Table iII.
The apex and impact of the discarded S-IB stage aré also included in Table
ITII. Several trajecto;y parameters are compared with nominal at engine
cutoff events for the S-IB and S~IVB stages in Table IV. Trajectory parameters,
for the purpose of performance evaluation, are compared to nominal in Table
'v for the S-IB/S-IVB separation event and in Table VI for the S-IVB/CSM-101
insertion and separation events. The vehicle {light evaluation report,
Reference 3, provides details of vehicle subsystems performance. Tables
VII through X present orbital trajectory information which is discussed
in Section 4.0 below.

The actual postflight trajectory, from guidance reference release
to S5-IVB/C3M-101 separation is tabulated in both metric and English units
of measure in Tableé KT through XVI. These tables present the trajectory
in the earth-fixed plumbline, space-fixed ephemeris, and geographic coor-
dinate systems. The data are tabulated at 1.0 sec increments from guidance
reference release to S-IB/S—IVBVseparation, continuing at 5.0 sec increments
to insertion, and at 50.0 sec increments from insertion to S-IVB/CSM-101

separation.



The actual trajectony,wasvyeryrqlose to the predicted nominal, es
reflected in the previously mentigped tables where comparisons are made.

The velocity gain:due to thrust dggaj between OECO and S-IB/S~IVB separa-
tion amounted to 4.1 m/s (13.5 ft/s) which was 2.0 m/s (6.7 ft/s) less
than predicted. The velocity géiﬁfi?fér S-IVB CO, due to thrust decay,
amounted to 6.4 m/s (21.0 ft/s) which was 1.2 m/s (3.9 ft/s) greater than
predicted. o

3.4 Error Analyses

The best estimate of the refe?ence postflight trajectory during the
powered flight is the results of a composite fit of C-band radar data received
from seven Eastern Test Range tracking stations. During the major portion
of first stage powered flight, good coverage was provided by Merritt Island,
Cape Kennedy, and Patrick Air Force Base radars. These data were the main
data used in the GATE program to establish this portion of the powered flight
trajectory. The remaining portion of the powered flight trajectory was
established as a composite fit of all available radar tracking data.

The reference trajectory was smoothed, differentiated, and transformed
from the point of track (radar antenna location) to the vehicle's center of
gravity to provide a positional time history of the center of gravity rather
than the point of track.

The measured parameter comparisons (Figures 5 through 7) reveal the
trends of the radar data with respect to the reference trajectory. The dis-
persion of these data and their sanalyses give an indication of the quality
of the reference trajectory. Mbsfhaf"fﬁe range and angle deviations of the

radars appear to be blased or show systematic trends that could be represented



by a realistic error model. The maximum range deviation shown in Figure 7,
is 50 m (164 ft) which occurs in the Grand Turk data at the beginning of
track, Four tracking systems; Merritt Island, Patrick Air Force Base,

Cape Kennedy, and Grand Bahama, all produced range data with deviations
clustered within 20 m (#66 ft) of the reference trajectory for their
entire period of track. The angle deviations showed very good agreement
with the reference trajectory between 100 and 500 sec of the flight.

An estimate of the total uncertainty of the powered flight trajectory
is presented in Figure lh. At S5-IB outboard engines cutoff, the position
uncertainty is about 30 m (98 ft) in the XE and ZE components and about 50 m
(164 ft) in the YE component. The correspohding'velocity uncertainty is
about 0.3 m/s (1.0 ft/s) in DXE and DZE, and about 0.5 m/s (1.6 ft/s) in
DYE. At S-IVB CO the uncertainties have increased to about 100 m (328 ft)
in the XE and ZE components, and about 150 m (492 ft) in the YE component.
The velocity uncertainties at S-IVB CO have increased to 0.5 m/s (1.6 ft/s)

in the D{E and DZE components, and 1.0 m/s (3.3 ft/s) in the DYE component..

-]0=-
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4.0 ORBITAL TRAJECTORY ANALYSIS

L.1 Orbital Trajectory

The AS-205 S-IVB/CM-101 vehicle was inserted into orbit at 15 hrs
13 min 11.76 sec U.T. (626.76 sec Range Time). Figure 15 is a ground
projection plot showing the first two orbital revolutions. The orbital
insertion parameters for AS-205 were determined by a least squares differ-
ential correction procedure using C-Band radar orbital tracking data over
the first two revolutions and by the insertion point established by the
best estimate powered flight trajectory.

The primary objective of the AS-205 flight was to provide tests of the
manned Apollo 7 spacecraft; Also, an orbital safing experiment (LOX dump)
of the S-IVB stage was planned during the first revolution. The orbital
safing experiment was conducted beginning at 5668.96 sec and ending at
6389.96 sec. The S-IVB/C3M-101 separation occurred over Hawaii in the
second revolution at 10502.4 sec.

4.2 Orbital Data Sources

Orbital tracking of the AS-205 vehicle was conducted by the NASA Space
Tracking and Data Acquisition Network (STADAN). This network provided the
C-Band radar data used in determination of the AS-205 orbital trajectory.

A summary of the stations furnishing data for use in determining the S-IVB
orbital trajectory is presented in Table VII. These data cover portions
of the first two revolutions of flight.

The two stations at Bermuda (FPS-16 and FPQ-6) and the Carnarvon tracking
station furnished tracking data in the first revolution prior to the orbital

safing experiment. The tracking stations at California, White Sands, Merritt

-11-



Island and Patrick furnished tracking data during the first revolution
while the orbital safing experiment was being conducted. Data for the
second revolution werefurnished by the tracking stations at Bermuda (FPS-16
and FPQ-6), Carnarvon and Pretoria prior to S-IVB/CSM-101 separation and
California, Hawaii, Merritt Island and Patrick following the separation.

4.3 Trajectory Analysis

The Orbital Correction Program (OCP) was used to provide solutions for
the insertion conditions and orbital trajectory, utilizing orbital tracking
data and representative orbital acceleration models. Solutions were made
using various combinations of all orbital tracking data received. However,
the most reasonable solutiﬁns were made using data from Bermuda (FPS-16),
Carnarvon, California and Merritt Island during the first revolution and
Carnarvon and California during the second revolution. From the most reason-
able solution, Table VIII provides a tabulation of the number of observations
and the root mean square (RMS) of the residuals associated with each measured
paraﬁeter.

Telemetered guidance accelerometer data were furnished to represent the
actual orbiting vehicle acceleration. These data were utilized in the orbital
solutions to give a more realistic fit of the orbital tracking data.

Considering the most reasonable OCP solutions and the agreement between
the orbital and powered flight solutions, the estimated uncertainty of the
insertion position and velocity components are no greater than quoted at

5-IVB CO in Section 3.4, above.

-12-



The orbital trajectory, from insertion to S-IVB/CSM-101 separation,
was obtained from the OCP using orbital tracking data and telemetered
guidance accelerations. The orbital parameters at insertion and S-IVB/
CSM-101 separation were taken from the orbital trajectory and are pre-
sented in Table IX.

4.4 Orbital S-IVB Safing Experiment

The scheduled S-IVB orbital safing experimént (LOX dump) was initiated
at 5668.96 sec and terminated at 6389.96 sec., Orbital tracking data from
the tracking stations at California, White Sands, Merritt Island and Patrick
and telemetered acceleration data were available to help construct the orbital
trajectory through the period of the safing experiment. The telemetered
acceleration magnitude profile, during the safing experiment, is shown in
Figure 16.

In addition to the actual S-IVB/CSM-10l1 orbital trajectory, a theoretical tra-
jectory was initiated at the beginning of the safing experiment and integrated
through S-IVB/CSM-101 separation assuming nominal drag forces and no dump
forces. The orbital parameters at the end of the safing experiment from this
theoretical trajectory are compared to the parameters computed from the actual
S-IVB/CSM-101 orbital trajectory. This comparison, which reveals the effect
of the LOX dump on the S-IVB/CSM-101 orbit, is presented in Table X. The effects of
the safing experiment on the orbiting 5-IVB/CM-101 altitude and space-fixed
velocity profiles are shown in Figures 17 and 18, respectively. The solid
line in these figures represent the actual 5-IV3/CSM-101 orbital trajectory.

The dashed line represents the theoretical trajectory which would have

occurred with no propellant dumping.



5.0 EXPENDED S-IB AND S-IVB STAGE FREE FLIGHT TRAJECTORIES

Three theoretical free flight trajectories were computed for the
discarded S-IB stage using initial conditions at S-IB/S-IVB separation.
The trajectories were integrated from separation to impact using actual
retro-rocket performance and actual outboard engine decay data.
Trajectories were calculated assuming nominal drag coefficients
for three types of S-IB stage free flight conditions. These three con-
ditions for the expended S-IB stage are: (1) stabilized at zero deg angle
of attack, (2) a tumbling body, and (3) stabilized at 90 deg angle of attack.

This provides the following S-IB stage impact locations.

Drag Conditions Impact Range Impact Time

0 deg Angle of Attack 501.32 km (270.69 nm) 495.0 sec
Tumbling Body 490,78 km (265.00 nm) 560.2 sec
90 deg Angle of Attack 483.76 Km (261.21 nm) 604.3 sec

'Radar tracking data were not available to confirm the results obtained.
However, on previous flights the tumbling drag case was proven to be close
to the actual tracking data. For this reason, the theoretical free-flight
trajectory utilizing the tumbling drag coefficient data is considered the
actual trajectory of the expended S-IB stage. This ballistic free flight
trajectory is presented in tabular form in Table XVII (metric units) and
Table XVIII (English units). The ground track and impact are also shown
in Figure 3.

The S-IVB expended stage remained in earth orbit, following S-IVB/CSM-101
separation, for approximately 7 days. Due to the lack of tracking data during

the final revolutions, the S-IVB free flight re-entry trajectory was not computed.



6.0 GOVERNMENT FURNISHED DATA

The Government furnished data used to establish the postflight tra-
Jectory of the AS-205 vehicle are tabulated in Table XIX.

-15-~
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TABLE I
TRACKING DATA SOURCES AVAILABLE DURING POWERED FLIGHT

Dgta Source Tracking Interval (Sec)
Patrick (0.18) Radar (FPQ-6) 20 - 593
" Cape (1.16) Radar (FPS-16) | 0 - 499
, 559 - 603
Merritt Island (19.18) Radar (TPQ-18) 11 - 606
Grand Bahama (3.18) Radar (TPQ-18) 96 - 584
Grand Turk (7.18) Radar (TPQ-18) 211 - 685
Bermuda (67.18) Radar (FPQ-6) 0 - 689
Bermuda (67.16) Radar (FPS-16) 0 - 689



TABLE II
TIMES OF EVENTS

Range Time in sec

Events Actual Nominal Act-Nom
Guidance Reference Release - 4.972 -— ——
First Motion - 0.17 0.17 0.00
L. 0. Signal (Umb. Disc) 0.36 0.37 - 0.01
Mach One 62,15 61.55 0.60
Maximum Dynamic Pressure 75.5 75.0 0.5
IECO . 140.65 140.28 0.37
OECO 144.32 143.28 1.04
S~IB/S-IVB Separation (Signal) 145. 59 144,.58 1.01
Guidanée Initiation (IGM) 169.76 168.42 1.34
S-IVB CO -616.76 614.80 1.96
Orbit Insertion 626.76 624.80 1.96
S-IVB/CSM-101 Separation 10502.4 10495.17 7.23

Note: Actual times are referenced to Rﬁhge Zero (10:02:L45 A.M. EST). Nominal
times were obtained from Reference 1 and adjusted to the actual 0.17 sec
first motion time. :
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TABLE V

S-1B/S-IVB SEPARATION CONDITIONS

Parameters
Range Time
Altitude

Range
Space-Fixed Velocity
Cross Range

Flight Path Angle

Heading Angle

Units

sec

Kctual
145.59

61.84
33.39

62.15
33.56

2320.3
7612.4

0.14
0.08

26.32
- 72.35

- -3e-

Nominal

144,.58

61.91
33.43

61.82
33.38

2326.1
7631.5

- 0.03
- 0.02

26.60
72.23

Separation Signal

Act-Nom

1.01

0.07
0.04

0.33
0.18
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TABLE VII

AVATLABLE ORBITAL TRACKING DATA

Revolution
Station Type of Radar 1 2
Bermuda  FPS-16 x X
Bermuda FPQ-6 X X
California FPS-16 X X
Carnarvon FPQ-6 X X
Hawaii FPS-16 X
Merritt Island TPQ-18 X X
Patrick FPQ-6 X X
Pretoria . MPS-25 X
White Sands FPS-16M X

~L,0-



TABLE VIII

ORBITAL TRACKING UTILIZATION SUMMARY

_ Time of Track Data Valid RMS Error
Station ~ " (Range Time in Sec) Type Observations of Residuals
Bermuda (FPS-16) Begin 633 - AZ 29 0.006 deg '
(Rev. 1) , :
) i End 807 EL 28 0.013 deg
RA 29 5m (16 ft)
Carnarvon - Begin 3207 AZ 50 0.003 deg
(Rev. 1)
End 3627 _ EL 50 0.008 deg
RA 52 6m (20 ft)
California Begin 5379 AZ L7 0.018 deg
(Rev. 1) :
End 5667 EL L5 0,017 deg
RA L7 8 m (26 ft)
Merritt Island Begin 58L2 AZ é8 -Q.005 deg
(Rev. 1)
End 6255 EL 67 0,014 deg
RA ' 68 18 m (59 ft)
Carnarvon- Begin 8907 AZ 7L 0.008 deg
(Rev. 2)
End 9357 EL 74 0,025 deg
RA 7, 21 m (49 ft)
California Begin 11139 AZ L6 0.027 deg
(Rev, 2) ,
End 11421 EL L5 0.011 deg
RA 16 45 m (148 ft)

ORIGINAL PAGE IS
OF POOR QUALITY



TABIE IX

ORBITAL ELEMENTS AT SIGNIFICANT TIMES

PARAMETERS 7 ' UNITSi 7 - INSERT;ON S-IVB/CSM-101 SEPARATION
Time (Range Time in Sec.) 626,76 10502. 4
Space-Fixed Velocity E?ﬁg) 2357%:3 2';;’;33 |
Flight Path Angle (deg) 0.005 - 0.30 .
Altitude Eﬁg igg: é %g : S‘
Apogee ) Ts.3 gt
Perigee (km) 222,29 227,82

(rm) 120,03 123,01
Peri?d (min) 89.55 89.94
Eccentricimjr _— 0.0045 0.0066
Inclination (deg) 31,608 31,640
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S ol
XE, YE, ZE
DXE, DYE, DZE

DDXE, DDYE, DDZE

XSP, YSP, ZSP
DXSP, DYSP, DZSP

DDXSP, DDYSP, DDZSP

E. C. DIST
LONG
G.C. LAT

APPENDIX A

DEFINITIONS OF SYMBOLS

'''' Definitions

Position, velocity and acceleration components
in the Earth-Fixed Cartesian Coordinate System.
The origin of this system is the projection of
the center of gravity of the complete vehicle at
first motion onto the Fischer Ellipsoid of 1960.

at the origin of the coordinate system. The
positive Z-axis is oriented in the flight azimuth
direction, 72 deg E of N. The X-axis is normal
to the Y-Z plane and is positive above the origin.
The Y-axis is normal to the X¥-Z plane and is in

a right hand relation to the X-Z axes with the
positive direction 162 deg E of N. The origin

of this earth-fixed system rotates with an angular
velocity identical to that of the earth. The
earth-fixed coordinate system is shown in Figure 1.

Position, velocity and acceleration components in
the Space-Fixed Ephemeris Coordinate System. The
origin of this system is located at the geocentric
center of the earth. The Z-axis points north
along the earth's axis of rotation (through the
north pole). The X-Y plane is coincident with the
equatorial plane. The X-axis points through the
vernal equinox. The reference equinox and equator
are the mean equinox and equator of date for the
epoch of midnight or zero hours on the day of
launch. The Y-axis is normal to the X-Z plane

and in a right hand relation to the X-, Z-axes.
The direction of the coordinate axes remain fixed
in space although the origin continues to move
with the center of the earth. The space-fixed

Position of vehicle in the Geographic Coordinate
System. Position in this system is defined by the
radius vector from the vehicle to the geocentric
center of the earth (E.C.DIST), geocentric latitude
(G.C. LAT) and longitude (LONG). Geocentric latitude
is the angle between the radius vector of the sub-
vehicle point and the equatorial plane, positive north
of the equator. longitude is the angle between the
projection of the radius vector into the equatorial
plane and the Greenwich meridian, measured positive
east of the Greenwich meridian.

A=1



Symbols
E.F. VEL
VEL-AZ

VEL-ELEV

S.F. VEL
FLT-PATH
HEAD

LAT

MACH

DYN PRES
ALTITUDE

RANGE

DEC

DEFINITIONS OF SYMBOLS (CONT'D)

Definitions

Earth-fixed velocity of the vehicle in the Geographic
Coordinate System. Velocity in this system is given

in terms of azimuth (VEL-AZ), elevation (VEL-ELEV),

and magnitude of the velocity vector (E.F.VEL). Azimuth
is the angle between the projection of the velocity
vector into the local horigzontal plane and the north
direction in this plane., Elevation is the angle between
the velocity vector and the local horizontal plane. The
local horizontal plane is defined as the plane perpen-
dicular to the radius vector from the vehicle to the
geocentric center of the earth. The geographic coordi-
nate system is shown in Figure 1.

Space-fixed velocity of vehicle in the Geographic
Coordinate System. Velocity is given in terms of
flight-path angle (FLT-PATH), heading angle (HEAD),
and magnitude of the velocity vector (S.F.VEL).
The flight-path angle is the angle between the
space fixed velocity vector and the plane normal
to the radius vector from the vehicle to the
geocentric center of the earth, measured positive
upward from this plane. The heading angle is
measured positive clockwise from north to the pro-
Jection of the space-fixed velocity vector in the
plane normal to the radius vector.

Geodetic latitude of vehicle.

Mach number.

Dynamic Pressure.

Distance from the reference ellipsoid to the center of
gravity of the vehicle measured along the radius vector
from the vehicle to the geocentric center of the earth.

Surface range measured along a spherical earth from

the launch site to the subvehicle point. The subvehicle
point is defined as the intersection of the reference
ellipsoid and the reference ellipsoid normal passing
through the vehicle.

The Declination angle is the angle between the radius
vector from the center of the earth to the vehicle
and the equatorial plane, positive north of the
equator,



sTrRUTWOUATod
UOTJBJIST990% JUTIUSA TeITAIQ SUOT1BJISTS00® JUTIUSA TBITAIQ 89/2T/11T 6%TO0VS0

T79T "oN ede3} (sdeped)
saoisweded paJnsesWl pPajdaddc) (saepea) sasisweded peansesit PaOaIL0) wo\NH\AH suanele)iqe]

(peatnbeua jou sjepdn) Aro3oel
-BJIq TEBUTJ JOJ S9T4TOOTsA

=118~

soueptnd ALreututTexd asp §9T4T00ToA o0uBpINg potepdpn 89/21/11 8%7T00VS0
W ’ €666 oN edeq ‘enep

| ; TeoTd0T0a08%8W O—] TBRUTJ adeq oTpeudrw TeOTFOTOJO08Y8W (=] TBUTJI 89/2T/TT LHTO0YS0
GGeh "oy oder ‘Aroqosl

~Bl] FYITTIIs0d AIeUTWTTSI] £axoq0eleay BTTIIS0d AIBUTWTTE.] 89/2T/11 9%TO0VS0
8269 "oN edey eyep TeOTIO

—ToJ0838W (-] AJBUTWITSIJ adey oTqsudeu TeOTIOTOL08%8W (-] AIBUTWITOIJ 89/2T/TT 97TO0VSO
J0308A 93B}S UOTAJISUT

pue JUTHOBIY JBPBJI TBITQJ0 J07308) 99835 UOTAJISSUT pue JUTHOBL] JBPRY TEITAI) 89/21/1T 9TTO0VS0
898¢ “oN edey,

fsaeped 00T dotnb qa0s dT | W (saepey) eYeQ JUTHOBLL AIBUTWITSIJ 89/2T/1T GTTOOYS0

(spaed WHT) mmﬂpHoWHmb W | | P , | 7 Co

souepTnd AJBUTWITSId (edel, U0 SPJIB) WEI) S8T3TO0Te) eoUrpTNy AIRUTWITeI] 89/2T/1T W@4ﬁ00¢mo

(90z-sv) quad O4SW uaLNOO( jJuswesTubsy el Pessedodd G0Z-SY 89/01/0T 60T00VS0

0092 uoT3deg ‘QOZY# 3aodey Jeuto] edel FUTMORIYL 89/0T/0T 60TO0YS0

89=0LT-YWA-CdHY-4 £10309(eay TeUOTYRISA) STOTYS) YOUN®BT TOT-WSO/$02-SY 89/L1/6 60T00YS0

(8ATarRURUR] JOJ S97BUTPJIO
TI-¢°1°2°6 we3l o -0) peepdy) suoT3eO0T UOTIBYS AI3SWSTSL pue SUTNOBI], 89/LT/6 60TO0VS0
T-0T° 91 ¢-€d SUOT1BOOT BUUSGUY STITYSA G0Z-YS/702-VS 89/L1/6 60T00VS0
Jroqunp
9€-89—-MVA-dIARI—YH uoTqeTde( ‘SOTISTI830RIRY) SSBY PolOTPedd TeUTJ G0Z-SV 89/L1/6 6£0T00YS O
@40 40 NOTILVOTATINHAT qIUIN0TE 44D A0 NOILJIHOSHA TYAOHddVY ‘ON VQ4D
Q4SS ALV

cOZ=T-¢"T ¢-49 "ON WALI AIGVHHEATTAQ
NOILVINHENIO0I dHHSINUNL INHWNYIAOD

XIX ¥IdVlL






REFERINCES

1. Solmon, Gordon W., Operational Trajectory Data Report, "AS-205/CSM-101
Launch Vehicle Operational Trajectory, Revision I", dated September 10,
1968, NASA George C. Marshall Space Flight Center » Huntsville, Alabama.

2. Hill, R.E. and Rich, N.E., "Manusl For The GATE Program", ™ 54/30-150,
IMSC/HREC A784527, dated September 1967.

3. Saturn Flight Evaluation Working Group, "Results of the Fifth Saturn IB
Launch Vehicle Test Flight A5-205", to be published by the Saturn IB
Flight Evaluation Working Group.

DISTRIBUTION
Mr. Germany I-I/IB-E (1)
Mr. Mann I-1/IB-E (1)
Mr. Sisson I-I1/IB-E (1)
Mr. Jackson R-AERO-P (176 plus 1 reproducible)

-119-






